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Ternary Biomolecule/Polymer/Surface-Based Immobilization Systems 

5 RELATED APPUCATIONS 

This application is related to co-owned U.S. utility application entitled 
"TRIPHOSPHATE OUGONUCLEOITDE MODIFICATION REAGENTS AND USES 
THEREOF", to Sdiwartz aL, filed August 1, 2000 (Attorn^ Dockrt No. 37154-752); 
This application is related to co-owned U.S. utility application, oititled "FUNCTIONAL 

10 BIOPOLYMER MODIHCATION REAGENTS AND USES THEREOF", to Schwartz 
et aL, filed August 1, 2000 (Attorney DodketNo. 37154-751) and to U.S. providon^l 
application Serial No. 60/191,186, entitled "HYDRAZINB-BASED AND CARBONYL- 
B ASED BBFUNCnONAL CROSSUNKING REAGENTS", to Schwartz, filed March ' 
22,2000. The above-mferaicdlappUcafions are mcoipoialBd herein 

15 entirety. 

Background off the Invration 

Proteomic and genomic microanay technology allows researdiers to peifonn nniltqde 
eacpeiiments simultaneously, 'Multiplexing^, as hundreds to thousands of proteins or 

20 genes are immobilized on a suifiioe and eaqiosed to target ligands to detennine flie 

proclivity of die immolnlizBd protdn fiir its ligand or fi>r an oligonudeotidelo hybridize 
to its complraient m conqietition witti other taigets. The production of bodi |»otBin and 
poly/oligonucleotide microanays is cuirendy very inefiBcient due to the sub-optimal 
properties of bioconjugation m^iods available to immobiliise protein and 

25 poly/oligonucleotides. This invention describes novel, effident and sample mediods fi>r 
immobilization of oligonudeotides, protdns and oAer biomolecules to surfiices. 

Poly/oligonudeotide immobilization: There are two tedmolo^es bdng employed to 
produce oligonudeotide micToanays (see page 6, DNA Miooarrays, M. Scfaoia, Oxford 
30 University Press. Oxford, &)gland 0X2 6DP). One is direct syntiiesis 

oligonucleotides on surfiices via photolithogci^y fwww.afivm^iTx,com> Af^etrix, 
Inc., Siinnyvde,CA)oruseofreagentHlirecteddeWcessuchasix]]gets^^ Asecond 
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method is covalent attachment of an oligonucleotide modified to possess a reactive 
functionality bonding to its reactive partner that has been immobilized on tiie sisfece. 

The direct synthesis method allows for very dense microanays, Le. up to 2S0K oligos/sq. 
5 centimeto' on a slide. This method however has significant shortcomings in that feiluie 
sequences remain on the chip, yields of each coi^Iing stq) is low, -95%, leading to bofli 
poor yield of fiill length product and the inability to produce oligonucleotides looker than 
20*2Smers. The presence of&ilure sequences could also lead to ftlse positive 
hybridization results. Also due to the length of the sequence immobilized on fte suzfaoe, 
10 <25mers, multiple sequences to each gene must be inunobilized on the sm£ice to 
overcome fte inheient vide difference in Tm, meldng tcmp^^ 
Sequences must be designed caiefiilly and a deconvolutinig step is xequiied in flie analysis 
of the results. 

1 5 Covalent attachment methods also have limitations due to poor stability of surfiice 
chemistry immobilization of die first reaction partner also due to fhe gtn<>V spotting 
volumes,-! nl^thm is fist drying oftfae spot wiu<A does not aUowsufBdentt^ 
covalent chemistry to occur. Poorwaterstebility of one or bofli of the reactive 
con4>onaits of the bioconjugadon couples such as maldmido^ol, suocinimidyl 

20 ester/amino will also sigdificandy reduce the efficiency of coiq)luig. 

Preparation of PCR- and <^NA-4>ased arrays is routinely accoii^l^ 
immobilization of the amoiuc polynucleotide to a sur&ce 4iat has bera modified to 
incorporate cationic spedes. The two miyorcationic-based slides are produced fiom 
25 aminopropylsilane or cationic polymers sudi as poly44y^ at polye&yloieimine. 

While arrays produced by dectrostatic immobilization on cationic sm&ce gives a product 
that has yielded good results, the immobilization eflSdency of Ae polynucleotides is poor 
<20%. ThispoorjdddisofimportanceduetofliecostofpiodttcmgPCRorcDNA 
products. Also the rq>rodtt!(nbility of slides is cf^dous. 
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The optimal polynucleotide microanay for gene expression anidysis would be an 
oligonucleotide-based microairay consisting of oligonucleotides of 60-80mer 
oligonucleotides immobilized on sur&ces. This type of array vfovid be preferred over 
cDN A arrays as the cost of producing 60-80mer oligonucleotides would be fiar cheaper^ 
S more easily reproducible, automatable and oligonucleotides can be more easily scaled up 
to produce larger- almost unlimited- quantities of product Hie optimal length of 
oligonucleotides for SNP (single nucleotide polymorphism) analysis on micioanays is 
20-25 oligonucleotides while oligonucleotides of 60-80 bases are preferred for gene 
repression analysis. 

10 

The power of the microanay is ttie massive number of es^ieriments Hiat can be pecfimned 
simultaneously in a small area requiring minimfti amounts of reagents «nd samples. 
However to prepare 10-100 [us? spots inooiporaling the biomolecule small volumes (<10 
qL) are spotted. These small volumes evaporate too qdddy and therefore reaction time 
IS for covalentc^emistiy to occur between tiiebiomolecde and the suifiice is 

leading to extremely poor ^elds and pooriqirodudbility. Devices to retain humidity 
during spotting have been developed but do not solve tiie evapomdon problem 
comple^y. 

20 Tn the case of direct nlignnnrfgniiHft immftbiliTatifin IhPTfi « cinglft p^iiit attafthm#>nf 

between the oligonucleotide and the surface. The reaction kinoes in a two-phase system- 
is slower tiian solution phase kinetics. The formation of a covalent bond in water is slow 
as well as the competing hydrolysis of the dectrophilic partner in tiie reaction. The 
competing electrostatic interaction between tiie oligonucleotide and a glass sm&ce will 
25 also int^<»e with the covalent chemistry. 
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Protein Immobilization: Cunrent methods to immobilize proteins to suifiace include 
direct binding of proteins to poly-cationic glass sm&ces Haab, MJ. Dunham and 
P.O. Brown, Genome Biol. 1, (2000)). Ibis method functioDed wdl for immobilization 
of families of proteins such as antibodies but vihcn different proteins or antigens were 
S icamobilized the binding was not as efficient or GonsisteaL 

Macbeath and Schrcibcr (Science 289, 1760 (2000)) also describe direct immpbiUzation 
ofprotein on modified smfeces. They direcfly immobilized proteins on aldehyde coated 
glass sutfikces via multiple imine bonds. They also describe pre-coaling glass slides widi 
1 0 bovine smun albumin (BSA) and subsequently reacting die amino groiqis on ttie protem 
with homo-bifimctional sucdnimidyl esteis. The sucdmmidyl ffoaps on the irotein are 
subsequently used to react with amino groups on the dedred protein to finrn an 
immobilized conjugate. 

15 Thus, due to the limitations of cuirently available mediods as described above, tiiere is a 
need for efiSdent methods for produdng both protein and poly/oUgonndeotide-based 
microain^ Tberefixri^ it is an object herein to provide teniaiy systems based on bo^ 
novel bifunctional polymers and biomolecole/bifimoticnial polymer conjugates and 
m^tho^y immn hiliTe these conjugates on modified and unmodified surfaces for the 

20 efiSdent and reprodudble production of bofiipolynudeotide and oHgQnucle6tide4^ 
microanays. 
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SUMMARY OF ITO IN^imON 

Ternary systems B/P/S comprised of biomolccule (B)/polymer (P) conjugates, B/P, 
linked electrostatically and/or covalently to modified and unmodified smfaces (S) to 
5 produce biomolecule microairays are provided. Methods to produce both polynucleotide 
and oligonucleotide arrays as well as protein and peptide arrays are giv^ The general 
scheme for &ese systems is schematically represented in Figure 1 • 

The first component of the ternary B/P/S is a biomolecde modified vdlh a reactive 
10 moiety that does not interfere ivithAefimcdon of the Uomolecule. The second 

componmt is a polymer modified vnUi a reactive moi^ that reacts vdth the reactive 
~m6iety on the biomolecule to form a covalent linkage. The polymer may also possess a 
third type of reactive moiety that does n ot react w itii the reactive moiety on the 
biomolecule. Ihetfaini component is a solid surfiu:esudi as siUca-basedsur&:es, xe. 
15 glass, silica beads or fibre optic bundles. O&o'fiiini component solids sur&ces include 
plastic, latex beads, membranes sudi as cellulose or nitrocellulose or m^ sudi as gold 
that is urmiodified or modified \^th the same reactive moiety as incorporated on tlie 
biomolecule. The sur£eu:e may also possess a reactive moiety that foiins a covalent 
linkage with the second reactive componmt on fte polymer. 

20 

The optimal bioconjugation reaction chemistry for enablemoit of this invention 
comprises use of reactive moieties follo^^wg incorporation onto any of the coiiqx>nents 
are stable and form stable covalent linkages with good Idne^ This invention provides 
such chemistries and methods. 
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A major advantage of the tetnary BPS systems is that covaleot attadmirat of the 
biomolecule to the polymer occurs in solution without reacdon time limitations. In 
contrast to direct single point attachment of the biomolecule to the sur&ce this method 
provides multiple point covalent attadmient points between the modified polymer and die 
S surface as well as electrostatic interactions. This method produces higher yieldmg moxe 
stable inuDQobilzation and better repiodudbility flian ttie previous described methods. 

Charged and undiarged polymeis modified to incoiporate reactive functionalities are 
provided for covalent attachment of biomolecules, especially poly/oligonucleotides and 
10 peptides/pxoteins. Methods to conjugate these biomolecdes to the polymeis are provided 
as well as methods for electrostatic and/or covalent attachment to modified and 
unmodified surfaces are provided. 

The most direct, sinople and effident prepeiadon of an oligonucleotide/polymer 
IS conjugate would have the following properties! (1) direct incorporation of the first 

reactive component of tbe bioconjugate eoiq>le diiecdy on flse oligonucleotide or pepdde 
during solid phase synthesis wiAout die requirement for aiiypost-9/^^ activation, ^) 
indefinite stability of bodi teactive components of the Inoconjug^te coiq)le foUov^ng 
incorporation on eidier fbe biomolecule or tiie polymer, (3) good kinetics of covalent 
20 bond formation between tiie modified oligonucleotide and ^ modified polymer wiftout 
the need for a reagent-mediated reaction or competing reactions on the bioconjugate 
couple moieties such as hydrolysis, (4) simple iiKX>7poration of the first reactive 
component of tiie bioconjugate coiple on the sur&ce of dioice, (S) fiist kinetic of 
immobilization of the biomolecule/polymer conjugate on the mocfified sui&ce; (6) loiig 
25 term stabiUty of &ebiorrmlecule/^lymer conjugate on the surfiboe. 

One enablement of this invention describes and demonstrates the immobilizatioa of . 
oligonucleotide/polymer conjugates to modified and unmodified glass sur&oes in a more 
dOSdrat marmer tiian-currentdireot spotting of modified oligonucleotides on mocfifie 
30 surfiices. 
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The oligonucleotide is modified to incoiporate the first reactive component of a 
bioconjugate coiq)le on the 3* or 5* end of the oligonucleotide. Alternatively the first 
reactive component can be incorporated on any intenial position of the oligonucleotide& 
Internal positions include but are not limited to a position on tfie base of the 
S oligonucleotide such as the S position of a pyrimidine or on the 2* position on the sugar. 
A polymer is modified to Incoiporate the second reactive component of the bioconjugate 
couple. Subsequenfly die modified biomolecule is reacted with the modified polymer to 
form the desired biomolecule/polymer conjugate. 

10 A preferred enablement ofthisinvration requires iix^rporation of die fi^ 

component of the bioconjugate couple or a reactive moiety 'with dnular reactivity on the 
sur&ce; For example if ttie first reactive conq)oneat is an dectrophile any electrophilic 

reactive.moiety-may_be.inoorparated.on.the.sui&ce.tiiat.f^^ 

second reactive ooxxqxment on the polymer. A fiiriber preferred embodiment is 

15 inunobilizafionoftfaeoUgonudeotide^Iymer conjugate on a siUca^ The 
most preferred silica-based suzfiices are glass, fiber optic vnrcs and dlicarbased beads. 
Therefore incorporation of tfie first reactive component of tfie Uooonjug^ covqple or a 
reactive conqx>nent of abnilar reactivity on the surfiice is leqdied^ 

20 The prefoied bioconjugate coiqile to be eoqyloyed in &e enablement of the tenuay 

oligonucleotide/polymer/surfiu» system is die faydrazine/caibon;^ or aminooxy/caibonyl 
couple (see Figuie 2). OUgonudeotide nionomers containing hydrazano. oxyamino, or 
carbonyl groi^ diat can be incoiporated into an oligonudeotide diain during solid phase 
oligonucleotide syndieds are provided. Metiiods fi[>r immobilization and coqugation of 

25 biopolymer first coinponentSy particularly oUgonucleotides, containing hydrazi^ 
oxyanGuno, or carbonyl modifications are prodded. The resulting first reactive 
components can then be used for any purpose for which oligonucleotides are used. They 
are particularly suitable for conjugation to a second reactive component for 
immobilization on a sur&ce. The monomers provided herein are rea£ly incorporated 

30 into oligonucleotide chains, hmce can be used in any q)plication that involves or uses an 
oliogonudeotide 
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Ternary B/P/S systems wherein the biopolymer is a polynucleotide can also be prepared 
in a varied of ways as described in the Detailed Description section. In sboit, a single or 
a plurality of functional moieties can be incoiporated either terminally or intonally on 
5 the polynucleotide. The modified polynucleotide is conjugated to a polymer modified to 
incoiporate the second reactive component of a bioconjugation couple and the 
polynucleotide/polymer conjugate is immobiliTaed on a surface in an identical inanner 
described above for oligonudeofides. 

10 Also described arc methods for pie pa r L ag protein/polymec/surfece and 

pqptide/polym^/sur&ceteniaiy systems. For proteins and pq>tides one component of a 
bioconjugate couple is incoiporated on the protein or peptide and oonjugated.to a 
— ^polymer-modified4o-iiicoiporate4lijeaecondxoiKqpoaent ofaH Tfae 
conjugiOe is inunobilized on a sucfice in an ideiitical manner descrit^ 

15 oligonucleotides viAiereinfliecoigiigale is reacted on a suifice possess^ 

group that forms a covalent and/or dectroplulic bond to tbe reactive moiety on the 
pol^rmer. 

DETAILED DESCEOPTION OF PREFERRED EMBODIMENTS 

20 

Definitions 

Unless defined otherwise^ all technical and scientific terms used herein have tbue 
same meaning as is commonly understood by one of skill in tfae art to which this 
25 invention belongs. All patents^ patent applications and publications referred to 

throughout the disclosure herein are incorporated by reference in their entirety. In the . 
event that there are a plurality of definitions fi>r a term heidn, fiiose in this section 
prevail. 

30 Polynucleotide is defined as DNA or RNA >S0 bases derived fiom natural 

sources, PGR or reverse transci:q>tase methods 
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Oligonucleotides are defined as any combination or DNA, RNA or FNA (peptide 
nucleic acids) sequences <100 bases synthesized via standard solid phase oligonucleotide 
methods incoq>oiating natural or unnatural bases and natural or unnatural sugars. 

5 A "probe** is the immobilized biomolecule such as nucleic add with known 

sequence or protein or peptide or carbohydrate. 

A ^'target" is the fiee biomolecule/sample whose identity/abundance is being 
detected. 

10 As used herein polymers include, but are not limited to natural and synthetic 

polymers. As used hmin polymers can be derived from biological monomers such as 
amino acids, nucleotides or carbohydrates or any combination tiiereo£ As used heran 
polymers may be neutral, cationic or anionic or any comlnnafionfbei6o£ . 
As used herdn syn&edc polymers may be modified to incoii^ 
IS moieties used in biocoiyugffle chemistry. 

As used herein bioconjugate couples include, but are not limited to 
maleimido/diiol, ar-bromoacetamido/Quol, suodmmidyl esta/annno, avidinA)iotin, 
hydrazine/caibonyl and pyridyldisulfideMiioL 

As used herein, '*hydrazino grov^** include, but are not limited to, hydrazines, 
20 hydrazides, semicarbazides, carbazides, thiosemicarbazides, tfaiocaifoazides^ hydrazine 
caiboxylates and carbonic add hydrazines (see, eg., FIGURE 1). 

As used herein, hydrazone linkages indude, but are not limited to, hydrazones, 
acyl hydrazines, semicaibazoncs, caihaznnes, thio5;eniicatlia7!npes^ thiocari>a 7Qi ies^ 
hydrazone caiboxylates and carbonic add hydrazones. 

25 As used herein, an oxyaminog^>up has the formula -O-MH}* Anoximehasthe 

formula -O-N-IL 

As used herdn, a protected hydrazino or a protected oxyamino ffoup refers to a 
hydraano or oxyaniino group that has been derivatizBd as a sak of the 
oxyamino group, including but not limited to, mineral adds salts, such as but not limited 

30 to hydrochlorides and sul&tes, and salts ofoiganicadds^sudi as but not liinited to 

acetates, lactates, malates, tartrates, dtrates, ascorbates, succinates, butyrates, valerates 
and fiimarates; or with any amino or hydrazino protecting group known to tibose of sMIl 
in the art (see, e^ Greene ^ ah (1999^ Protective Groups in Organic Synthesis f3rd Ei.^ 
(J. Wile/ Sons^ Inc.)). Preferred amino and hydrazino protecting groxq)s herein include, 

35 but are not limited to, amino or hydrazino protecting gn>iq)s useful in the synthesis of 
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oligonucleotides, more preferably monomethoxjlrityl (MMT)» dimethoxytrityl ([)MT% 9- 
fluoreny Ixnethoxycaiboiryl (FMOC), acetyl^ trifluoroace^l, benzoyl, or a hydrazone or 
oxime that is cleaved under mild addic conditions fe.g.- 100 mM acetate, pH 4^-5^ 
including, but not limited to, a hydrazone or oxime fonned from a lower aliphatic 
S aldehyde or ketone, preferably from acetone, propanal, cyclohexanone or 2-butanone. 

As used herein surfaces including, but not limited to, plastics such as molded 
plastic or latex beads, modified or \mmodified glass, metals sudi as gold or silver* 

As used herein, an oligonucleotide is a nucldc add, including, but not limited to, 
a ribonucleic acid (RNA), a deoxyribonucleic acid (DNA), and analogs thereof such as a 
. 0 protein nucleic acid (PNA), of any lengtib, including chromosomes and genomic matmal, 
such as PGR products or sequendii^ reaction products, prefend>ly DNA indudii^ doub^ 
and single stranded fbnns. Single stranded fonns of the oligonudeotides axe also 
provided. 

Aa iigfif^ Ihgr^iiPj a conju gate is a compound contaimn g two components covaien^ 

1 5 linked together. For example, a first component, e.|L> an oligonucleotide, is conjugated 

tibrough a covalent hydrazone linkage to a second component, as defined herdn, to faaa a . 
conjugate. 

As used herein, caibonyl derivatives include,butarenot limited to, ketones and 
aldehydes. 

20 As used herein, complementaiy reactive gn>tqps are timsetfia^in^ 

/ together, fonn a covaleot linkage, indudixig, but not linu 
/ linkage Thus»ahydra2jnogroiq>, asdefinedh£3tein,isoonq)lement^ 
derivative. Anoxyaniinogroiq[>isdsocQmplemeslaiytoaGaibonylda^^ 

As used herdn, "phosphoiouis based coupling groiq)" lefers to any phosphorous- 
25 containing group known to those of skill inthe ait to beuseful inoligonucleodde 
synthesis including, but not limited to, phosphorodi&ioate, phosphorothioate, 
phosphoramidate, phosphonate, phosphodiester, jdiosphotriester, tbiophosphoramidate^ 
^onoaUcylphosphonate, fliionoalkylphosp^iotriester or boranophosphate. As is 
appredated by those of skill in the art, a number of chemistries, including, but not limited 
30 to, phosphoramidite, phbsphonamide, H-phosphonate and phosphotriester dionistrieSy 
have beoi devdoped fi>r die stepi^se solid phase synflieds of oligonudeotides (DNA or 
RNA) and modified analogs fi-c V modified RNA, mdhylphosphonates, 3-5* 
phosphoramidites,andphosophoiofluoates). Afl phosphorous based coupling groups 
known to fliose of skill in the art are contemplated for use in the reagents and mdhods 
35 provided herein. See> e.g>, Glai Research Catalog of Products for DNA Reseaidt Glen 
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Reserach, Sterling, Virginia. Exemplary phosphorous based coupling groups herein 
include p-^yaDoethyI-N,N-diisopropylphosidioramidites. 

As used herein, a biopolymer is any compound found in nature, or derivatives 
thereof, made up of monomeric units. Biopolymos include, but are not limited to, 
5 oligonucleotides, peptides, pqptide nucleic adds (PNAs), glycoproteins and 

oligosaccharides. Thus, the monomeric units indudei, but are not limited to, nucleotides, 
nucleosides, amino acids, PNA monomers, monosaccharides, and doivatives diereo£ 

As used herein, a macromolecule refiars to a molecule of colloidal mze XLe^ of 
high molecular weight), including, but not limited to, protdns, polynudeic adds, 
10 polysaccharides and carbohydrates. 

As used bereio, a rqx)rter molecule refers to a molecule, sudi as an enzynie or 
indicator, whidi is capable of generating a detectable signal fe.g,, by colorimetric^ 
chemil wninescent, bioluminescent, fluorescent, or potentiometric means) vAxm contacted 
with a suitable substrate under appropriate reaction conditions. Exemplaiy rqx>rter 
15 eozymcs include, but are not limited to, alkaline phosphatase, horseradish peroxidase, 
galactoddase, aryl esterase, sulfiKtase and urease. 

As used herdn^ a nucleobase is a heterocydic moiety tiiat is found in naturally 
occurring oligonucleotides, induding ribonuddc adds QKNA) and deo}^boaudeic 
acids (PNA), and analogs fliereoi^ including deaza analogs* Prefisned nucleobeses 
20 include, but are not limited to, c^tosines, uradls; adenines, guanines and thymines, 
analogs dmeof including deaza analogs. 

As used herein, a fiuorophore refocs to a fluorescent compound. Fluorescence is a 
physical process in \^di light is ^Doitted bom ttie compound following absorption of 
radiation. Graerally, the emitted light is of lower energy and longer wavelengfli Oian tiiat 
25 absorbed. Preferred fluorophores herein are those whose fluorescence can be d^ected * 
using standard techniques. 

As used herein, a derivative of a conq)ound indudes a sdt, ester, enol edier, ea^ 
est^, solvate or hydrate tiieieof that can be prqiaied by those of ddll in tins ait imng 
known methods for sudidmvatizalion. Sdtsindude, but are not lunited to, anune salts, 
30 such as but not limited to NJ^'-diben^leUiyleDediamine, cfaloroprocaine, diofine; 
ammonia, diethanolamine and oUaex hydrm^alkylamines, etfaylenediamine, N- 
methylglucamine, procaine, N-ben^lphenediylamine, l-paFa-chlorobenzyl-2-{syirolidin- 
r-yimethylbenzimidazol^ diethylamine and ofto* alkylamines, piperazine and 
tris(hydroxymetfayl)aniinometban^ alkali m^ salts, sudi as but not limited to lidumn, 
. 35 potassiimi and sodiuin;alkaU earth m^ salts, sudi as but not liinited to b^ 

and magnesium; transition metal salts, sudi as but not limited to zinc; and other metal 
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salts, such as but not limited to sodium hydrogen phosphate and disodium phosphate; and 
also including, but not limited to, salts of mineral acids, such as but not lunited to 
hydrochlorides and suliates; and salts of oiganic acids, such as but not limited to acetates, 
lactates, maiates, tartrates, citrates, ascorbates, succinates, butyiates, valerates and 
5 fumarates. Esters include, but are not limited to, alkyl, alkenyl, alkynyl, aryl, heteioaryl, 
aralkyl, heteroaraUcyl, cycloalkyl and heterocyclyl esters of acidic groups, including, but 
not limited to, caibo^Iic adds, phosphoric acids, phosphmic acids, sulfoiuc adds, 
sulfinic acids and boronic adds. Enol ethers include, but are not limited to, derivatives of 
formula OC(OR) wfaeieR is hydrogen, allgd, alkenyl, alkynyl, aiyl, heteroai]4,aFaI]7l, 

10 heteroaraUcyl, cycloalkyl arheterocydyL Enol esters include, but are not limited to, 
derivatives of formula 0=C(OC(0)R) vAere R is hydrogen, alkyl, alkei^l, all^yU aryl, 
heteroaryl, aralkyl, heteroarall^l, cycloalkyl ar hetenx^yL Solvates and hydrates aie 
complexes of a compound with one or more solvent or water molecule, preieiably 1 to 
about 100, more prefo^ly 1 to about 10, most preferably one to about 2, 3 or 4, solvent 

15 or water mol^lil^ 

It is to be understood that the compounds provided herein can contain ddrsi 

centers. Suc^cfairalceiiten; can be ofeifher the (R) or (S) configuration, or can be ^ 
mixture thereof Thus^flie compounds provided herdnnmy be enantiomericallypure^ or 
be stereoisomeric or diasteieomeric mixtures* In tiie case of amino acid residues, such 

20 residues may be ofdthertibeL- or D-foroL The preferred configuiration for natmaUy 
occurring amino add residues is 

As used herdn, alkyl, alkenyl and alkynyl carbon chains, if not specified, contain 
from 1 to 20 carbons, preferably 1 to 16 carbons, and are straight orbrandied. Alkenyl 
carbon diainsoffipom 2 to 20 carbons preferably contain 1 to 8 double bonds, and fise 

25 alkenylcarbonchainsofl to 16 carbons preferably contain 1 to 5 double bonds. Alkynyl 
carbon chains of fiom 2 to 20 carbons preferably contam 1 to 8 triple bonds, and fiie 
alkynyl carbon diams of 2 to 1 6 carbons preferably contam 1 to S triple bonds. 
Exemplary alkyl, alkenyl and alkynyl groups herein indude, but are not limited to, 
methyl, ethyl, propyl, isopropyl, isobutyl, n-%utyU seo-bulyl, tert-butyl, isopentyl, 

30 neop^tyl, tert-pmytji andisohexyL The all^l, alkenyl and alkynyl groups, unless 
odi^wise spedfied, can be optional^ substituted, witii one or more groups, pmferably 
alkyl group substituents that can be the same or diffmit As used herdn, lower all^ 
lower alkenyl, and lower all^yl referto carbon chains having less tfian about 6 caibons. 
As used herein, "alk(en)(yn)yr idSsts to an alkyl grocqp contauiing at least one double 

35 bond and at least one triple bond. 
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As used herein, an "alkyl group substituent** includes halo, haloalkyl, preferably 
halo lower alkyl, aryl, hydroxy, alkoxy, aiyloxy, alkyloxy^ alkylthio, aiylthio, aralkyloxy, 
aralkylthio, carboxy alkoxycari>onyl, oxo and cycloall<yl. 

As used herein, "aiyl" refers to cydic groiqjs containing ftom 5 to 19 carton 
5 atoms. Aiyl groups include, but are not limited to groups, such as fluoreoyl, substituted 
fluorenyl/phenylrsubstituted phenylrnaphftyl and substituted naphthyl, in vAuch the 
substituent is lowor alkyl, halogen, or lower alkxD^. 

As used herds, m "aiyl group substituent" includes alkyl, cycloaO^ ' 
cycloalky lall^U hetat>aiyl optionally substituted wifh 1 or more, preferab^f 1 to 3, 
10 substituents selected fifom halo, halo alkyl and aQ^l, andkyl, heteroaralkyl, aUoca^ 
contaimng 1 to 2 double bonds, alkyn^ containing 1 to 2 triple bonds, aIk(en)CyiOyl 
groups, halo, pseudohalo, cyano, hydroxy, haloalkyl and polyhaloalkyl, preferably halo 
lower alkyl, especially trifluoromethyl, fonnyl, alkylcaibonyU arylcarbonyl ftat is 
optionally substituted with 1 or more, prefeably 1 to 3, substituents selected from halo, 
15 halo alkyl and alkyl, heteroaiylcaiboi^l, caiboxy, alkoxycaibonyl, aryloxycaxboiqd, 
aminocarbonyl,.alkylanunocaiix)nyl,.dialkylaminocarbonyl,.arylan^ 
diarylaminocaibonyl, aralkylaminocaibonyl, alkoxy, aryloxy, perfluoroalkoxy, 
alkenyloxy, alkynylojy, BryUikaxy^ aminoalkyl, allylaminoalkyl, dialkylaminoalk^ 
arylaminoalkyl, amino, alkylamino, dialkylamino, aiylamino, aO^laiylamino, 
20 alkylcarbonylanuno,-arylcaibonylamino, aaddo, nitro, meicapto, alkylthio, aiylthio, 
p^uoroalkyltfaio, thiocyano, isofluoc^ano, alkylsulfii^ aO^lsulfonyl, aiylsulfinyl, 
arylsulfonyl, aminosulfon^ alkylaminosulfonyl, dialkylaminosulfonyl and arylanmio- 
sulfonyL 

As used herdn, "araD^r refers to an alkyl group in ^ucfa one of the hydrogen 
25 atoms ofthe alkyl is replaced by an aiylgroiq>. 

As used herein, "h^eroarall^r refers to an alkyl group in vdiidioneof die 
hydrogen atoms of the alkyl is iqplaced by a hderoaryl groi^. 

As used hereiii, "cydoaD^" refers to a saturated mono- or mulii^dicriog 
system, preferably of 3 to 1 0 carbcm atmns, more pirfeiably 3 to 6 carbon atmns; 
3 0 cydoalkenyl and ^doall^ngd refer to mono- or multicy die ring systems Aat 

respectively include at least one double bond and at least one triple bond. CydoallDeayl 
and cycloalkynyl ffoups can preferably ccmtain 3 to 1 0 carbon atoms, with cydoaDoenyl 
gl^ysps more preferably contaimng 4 to 7 caibon atonos and cydoalkynyl gfoxsps more 
preferably containing 8 to 10 carbon atcnns.' The ring syst^ns of die cycloalkyl, 
35 cydoalkenyl and cycloalkynyl grotqps can be composed of one ring or two or more rings 
v^di can be joined togeflier in a fiised, bridged or spiich^ 
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optionally substituted with one or more alkyl group substituents. "Cycloalk(eDXyn)yr 
refers to a cylcoalkyl group containing at least one double bond and at least one triple 
bond. 

As used herein, "heteroaiyr refers to a monocyclic or multicyclic ring syston, 
5 preferably of about 5 to about 15 members vifaere one or more, more preferably 1 to 3 of 
the atoms in the ring system is a heteroatom, that is, an element other than caiban, for 
example, nitrogen, oxygen and sulfur atoms. The heteroaiyl can be optionally substituted 
with one or more, preferably 1 to 3, aryl group substituents. Theheteroaryl gEX>iq> caabe 
optionally fused to a benzene ring. Exenq>lary heteioar^ gn>iq>s include, for example, 
10 furyl, imidazinyl, pyrrolidinyl, pyrimidinyl, tetrazolyl, tUeayl, pyridyl, pyrrol^ N- 

metfaylpyrrolyl, quinolinyl and isoquinolinyl, with pyridyl and quinolinyl being prefeied. 

As used herein, ••heterocyclic" refers to a monocyclic or multicyclic ring system, 
prefi»:ably of 3 to 1 0 members, more preferably 4 to 7 members, even more pieferably 5 
to 6 members, v4iere one or more, preferably 1 to3 of the atoms in 4ie ring system is a 
15 heteroatom, diat is, an elemrat other than carbon, for exanqile, nitrogen, oxygen and 

sulfur atoms. The hetorocycle can be optionally substituted wi& one or more, pieferably 
1 to 3 aryl group substitumts. Prefored substituents of thehet^roqrclic ffoup include 
hydroxy, amino, alkoxy containing 1 to 4 carbon atoms, halo lower alkyl, including 
trihalomethyl,sudi as trifluoromethyl, and halogen. As used herein, the term heterocyde 
20 includes reference to heteroai^ 

As used herein, the nomenclature alkyl, alkoxy, carbonyl, |^ are used as is 
generally understood by those of skill in this art For example, as used herein alkyl refers 
to saturated carbon chains that contain one or more carbon^ the chains are straight or 
brandied or include cyclic portions or be cyclic. 
25 As used herein, alicyclic refers to aryl groups that are cyclic. 

For purposes herein, Vfhm Ae number of any given substituent is not specified 
(e^"lialoalkyl*0« there can be one or more substituents Forexamp]e» 
"haloalkyl" includes one or more ofihe same or dififo^st halogens. As anoflw example, 
"CLaalkoxyphrayl" canincludleoneormoxeoffliesameordifrerratalkoi^groitis 
30 containing one, two or fliree carbons. 

As used herdn, "halogen"* or "halide** ic^eisto F, C^Br orl. 
As used herein, pseudohalides are compounds that behave substantially similar to 
halides. Such compounds can be used in the same manns* and tieated in the same 
manner as halides QC, in v^ch X is a halogoi, such as CI or Br). Pseudohalides indude, 
35 but are not limited to, cyanide^ cyzoBto^ tbioc^anate, sdeno^anale, trifluoromedio^, 
trifluoromethyl and azide. 
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As used herein, "haloalkyr refers to a lower alkyl radical in which one or more of 
the hydrogen atoms are replaced by halogen including, but not limited to, chloromethyl, 
triiluoromethyl, l-chIon>-2-fluoroethyl and the like. 

As used herein, "haloalkoxy" refers to R(>- in vsdiich R is a haloalkyl gyoi^^ 
5 As used herein, "sulfinyl" or "thionyl" refers to -S(0)-. As used herein, "sulfonyl" 

or "sulfuiyr refers to -S(0)r. As used herein, "sulfo" refers to -S(0)3-. 

As used herein, "caiboxy " refers to a divalent radical, •<:X0)0-. 

As used herein, "aminoca]i)onyr refers to <;(0)N^ 

As used herein, "alkylaminocaxbon^" refcis to -C(0)NHR in which R is 
10 hydrogen or alkyl, preferably lower alkyL As used hmin "dialkylaminocarbonyi" as 
used herein refers to -C(0)NR]R in \«ducfa R* and R are uKkpendently selected from 
hydrogen or alkyl, preferably lower alkyU "caxtxjxamide" refers to groups of formula - 
NRCOR. 

As used hwein, "diarylaminocaibonyr refers to -C(0)NRR' in which R and R* are 
1 5 independently selected fiom aiyl, preferably lower aiyl, more preferably phenyl. 

As_used herein, "aralk ylaminocarbon yl" refens to -C(0)NRR' in vMch one of R 

and R' is aiyl, preferably lower aiyl, more preferably phenyl, and the other of R and R' is 
alkyl, preferably lower all^L 

As used herein, "aiylaminocaiboi^r refers to -C(0)NHR in whidi R is aiyl, 
20 prefi^rably lower aiyl, more preferably phen^ 

As used herein, "alko^caiboi^r refers to -C(0)OR in which R is alk^ 
preferably lower alkyl. 

As used herein, "aiyloxycaibon^" refers to -C(0)OR in which R is aiyU 
preferably lower aiyl, more prcfaably phenyl. 
25 As used herein, "alkoxy" and ""all^lthio" refer to RO- and RS-, in wfaichR is 

alkyl, preferably lower alkyl. 

As used herein, "axyloxy" and "aiylttuo" refer to RO- and RS-, in wfai^ 
preferably lower aiyl, more preferably phenyl 

As used hordn, "alkyleoe" refers to a straight, branched or cyclic, preferably 
30 straight or brandied, bivalmtaUphaticIiydn>caibongreiq>,pieferably having fixmi 1 to 
about 20 caibon atonos, more prrferably 1 to 12 caibons, eifen more 
allg^ene. The allgrlene group is optionally substitu ted wifli one or more "a^ 
substiturats." Thore can be optionally inserted along the aU^Ieoegroiq) one or nune 
oxyg^ sulphur or substituted or unsubstituted nitrogen atoms, where the nitiogai 
35 subsdtuent is alkyl as previously described. Exraiplaiy alk^ene grotq>s include 

methylene (-CHrO» ethylene (-OtCHrX propylene (_(CHz)r), cyclohcxylene (-QHir 
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),methylenedioxy(-<)^H2-OOandc%lencdioxy(-0<CT The term "lower 

alkylene** refers to aUcylene groups having 1 to 6 carbons. Preferred alkylene groups are 
lower alkylene, with alkylene of 1 to 3 carbon atoms bring particularly preferred. 

As used herein, "alkenylene" refers to a straight, branched or cyclic, preferably 

5 straight or branched, bivalent aliphatic hydiocaibon ffoup, preferably having fiom 2 to 
about 20 carbon atoms and at least one double bond, more preferably 1 to 12 carbons, 
even more preferably lower alkenylene. The alkenylene group is optionally substituted 
with one or more **alkyl group substituents." Thcie can be optionally inserted'along the 
alkenylene group one or more oxygen, sulphur or subsdtoted or tmsubstituted mtzogea 

10 atoms, wfam the nitrogen substituent is alkyl as previously desor^^ Exemplary 

alkenylene groups include — CH<;H--CH=CH— and -CH=CH-CHz-. The temi "lower 
alkenylene" refers to alkenylene groups having 2 to 6 caibons. Preferred alkenylene 
groups are lower alkenylene^ with alkenylene of 3 to 4 carbon atoms being pardculaily 
pr^srredL 

15 As used herein, "alkynylene" refers to a straight, branched or cyclic, preferably 

straight or branched, bivalrat aliphatic hydrocarbon ffoup, preferably having fiom 2 to 
about 20 carbon atoms and at least one triple bond, more preferably 1 to 12 carbons, even 
more preferably lower alkynylrae. The alkynylene ffoup is optionally substituted with 
one or more "alkyl group substftueots." There can be optionally inserted along tiie 

20 alkynylene group one or more oxygen, sulphur or substitated or unsubsdtuted nitrogen 
atoins^wfaoie the nitrogen substituent is alkyl as previously described. Exemplary 
alkynylene groups include — C^C--<^^, -CM> and -G^C^CHb-. The teraa "lower 
alkynylene" refws to alkynyl»)egroiq)shavirig 2 to 6 carboxis. Preferred alkynyl^ie 
groups are lower alkynylene, with all^x^lene of 3 to 4 carbon aloiris beira^ 

25 preferred. 

As used herein, "a]k(en)^)ylene'' ref^ to a straight, branched or cyclic, 
preferably straight or b:and)ed, bivalent aliphatic hydrocarbon group, preferably having 
fix>m 2 to about 20 carbon atoms and at least one txq>le bond, and at least one double 
bond; more preferably 1 to 12 carbons, even more preferably lower alk(en)^)ylene. 

30 The alk(en)Ofn)ylene group is optiorudly substituted witfi one or more "all^l ffoap 

substituents." Therecanbeopdonaily inserted along fbeaD^ylene groiq) oneormore 
oxyg&n^ sulphur or substituted or unsubstituted nitipgen atoms, where the nitipgen 
subsdtuent is alkyl as preidously described. Exemplary a]k(enXyA)ylene groups indude 
— 0=C— (CH2)n-<M3— .^crenisl or2. The tenn "lower alk(eQ)^)ylene" lefos to 

3S alk(m)^)ylene groups haviiig up to 6 carbons. PrefmedaIk(enXyn)ylene groups are 
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lower alk(cn)(yn)ylene, with alk(eii)(yii)yleiie of 4 carbon atoms being partictdariy 
preferred 

As used herein, "aiylene" refers to a monocyclic or polycyclic, preferably 
monocyclic, bivalent aromatic group, preferably having from 5 to about 20 carbon atoms 
5 and at least one aromatic ring, more preferably 5 to 12 carbons, even more preferably 
lower arylene. The aiylene group is optionally substituted with one or more "alkyl group 
substituents." There can be optionally inserted around the arylene group one or more 
oxygen, sulphur or substituted or unsubstituted nitrogen atoms, where 'fiie mtibgca 
substituent is alkyl aspreidously described. Exemplary arylene groiq)s indode 1,2*, l^-* 
10 and 1,4-phenylene. The term "lower arylene" rrfers to aiylene groiq>sliflvisg Sot 6 
caibons. Preferred aiyleoe groups are lower aiylece. 

As used herdn, *%eteroaiylene" refeis to a bivalent monocycUc or midti^^ 
ring system, preferably of about S to about 1 5 members where one or more, more 
preferably 1 toi 3 of the atoms in tiie ring system is a heteroatoid, that is, an element other 
IS than carbon, for ^cample, riitrogen, oxygen arid sulfur atoms. Theheteroaiylenegroi^ 
• are optioiiaUy substituted-with one or-more,_prrferably_l-to,3, aryl groiJ^ subsdtuenls. 

As vised herein, "alkylidene" refers to a bivalent group, such as K^WR", vAddi is 
attached to one atom of anodier group, forming a double bond. Exemplary alkylideoe 
groups are methylidene (=CH:0 ethylidene (^CHQla). As used herein, 
20 "aralkylid^ie" refers to an alkylidene groi^) in whicb dHher R' oxR" is and aiyl grovqp. 

As used herein, "aniido"refisrs to ttiebivalemgnn9-C(0)>^ "Thioamido" 
refers to ttie bivalent group -C(S)NH-.. "Qxyamido" refers to the Uvalent paap - 
OC(0)NH-. "Ihiaamido" idTeis to the bivalent group -SC(0)NH-. "Dithiaaxnido" refers 
to the bivalent group -SC(S)NH-- "Ureido'? refers to fte bival^it groiq? -HNC(0)NH-. 
25 "Thioureido" refers to 4c |>ivalait group -HNCKS)1« 

As used h^in,"semicaiba2ide" refers to 44HC(0)NHNH "Carbazate" refers to 
the bivalrat group -OC(0)NHNH-. Tsothiocarbazate" refers to flic Wvaloitgraqp- 
SC(0)NHNH-. "TMocarbazate"rrfers to Ac bivalent grolp-OCXS)NH^^ 
"Sulfonylhydrazide" refers to flie group -SQzNHNH-. "Hydrazide" refers to dielnvaleot 
30 groip -C(0)>aiNH-. "Azo^refeis to flie bivalent group -Y^-. "Hydrazinyr refers to 
flie bivalrat groip -NH-NH-. 

As used herein, tiie term "amino add" refers to a-amino adds vdiicfa areracemic^ 
or of dther flie D- or LpconjBguratioiL The designation "d" prece(fix% an amino add 
designation (e.g.. dAla. dScr, dVaL rtc) refers to the P-isomer of the amino acad The 
35 dgsignation "dl" preceding an amino arid designation (ej,p^ dIPip) refers to amixtueof 
flie and D-isoiners of the amino add« 
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As used herein, when any particular ffxjuqi, such as phenyl or pyridyl, is specified, 
this means that the group is unsubstitutedor is substituted. Piefened suhstituents wfaeie 
not specified are halo, halo lower aikyl, and lower all^l. 

As used herein, a composition refers to any mixture of two or more products or 
compounds. It can be a solution, a suspension, liquid, powder, a paste, aqueous, non- 
aqueous or any combination 1faereo£ 

As used herein, a combination refers to aMxy association between two ox more 

items. 

As used herein, fluid refers to any composition that can flow. Huids thus 
encompass compositions that are in the fbrin of semi-solids, pastes, solutions, aqueous 
mixtures, gels, lotions, creams and other such compositions. 

As used herein, substantially identical to a product means suffidently similar so 
that the property of interest is sufficiently unchanged so that the substantially identical 
product can be used in place of the product 

As used hCTein, the abbreviations for any protective groups , amino adds and other 

compounds, are, unless iiidicated othenivise, in aoxinl with their conunon usage^ 
recognized abbreviations, or the lUPAOIUB Commission on Biochonical Nomenclature 
(see, Biochem. 1972, IL 942). 

A* Functional polymers and functional polymer/biomolecule conjugates and 
immobUization to surfaces. 

Biomolecules incorporating a first reactive component and functional polymers 
25 incoiporating a second reactive component tiiatfi)mis a covalent bond vAncn. reacted with 
first reactive componaoit on the biomolecde are provided. Surfieices that are not modified 
but form electrostatic or hydrophobic interactions witii polymer/biomolecule conjugates 
are provided as well as sui&ces that are modified to incorporate the first reactive 
component or a reactive conqx>nen[t of similar reactivity. Intiie case v^ere the sar&ce is 
30 modified with the first component the polymei/bioconjugate possesses available second 
components to form a covaloit bond between Ac polymer and the sui&ce (Figuie 1). 
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The prqjaration of the ternary system requires a covalent reaction scheme wherein tiie 
biomolecule/polymer/sur&ce conjugate is mediated by electrophilic/ 
nucleophilic/electrophilic or nucleophilic/clectrophilic/nucleophilic covalent diemistries. 
In the example of an electrophilic/nucleophilic/electrophilic system the biomolecuie is 
modified to incorporate a dectrophile such as an alddiyde, the polymer is modified to 
incorporate a nucleophile that reacts witti the electrophilic first component on ttie 
biomolecuie^ such as a hydrazme or aminooxy moiety and tiie sorftce is modified to 
incoiporate an electrophile, such as an alddiyde, sucdnimidyl ester or isotfaiocjranantc 
that reacts vnih the nucleophile incorporated on the sudboe. The electrophile on the 
surface nuiy be the sanae or dififerent as incorporated on the biomolecuie An overview of 
this method is descnbed in the scheme below: 

Blopolymeifpolyineifsiirface 



Blopolymedpolyinerfsiirface 



ReactMtyovefview of the preparatkm of Ternary BM)polyn)ef^^ • 

A most preferred enablement of this invention includes the use of a lialdng diemistiy 
between all three components of the invention Ifaat incorporates moiedes tfiat ar& stable 
v/hen incorporated on any of the three components and vAnea required form covalent 
and/or electrostatic or other linkage r^idly and in inost cases irreversibly^ Itisofiitmost 
importance that any modification does not interfere vnAi flie biological properties of tte 
biomolecuie. Thei^niay be certain instance wha:einreveiabiUty of ftie linkage is 
important however. 



Blopolyiner [BectropMe] 
Polynier (NudeopMe] 



OR 



Biopolymer CNudeopha^ 

Polymer tPectrophOe] 
Suiface INudeophae] 
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It is an embodiment of the invention that the biomolecules are modified to incorporate a 
first reactive component of a bioconjugate couple. Bioconjugate couples include, but are 
not limited to maleimido/thiol, a-bromoacetamidoAhiol, succinimidyl est^amino, 
avidin/biotin, hydraztne/carbonyl and pyridyldisulfide/thiol. In a preferred embodiment 

S the polymers are modified to possess a protected or unprotected hydrazino, a protected or 
unprotected oxyamino, or-a caibonyl group forformation of a hydrazine or oxime 
linkage with an appropriately modified sui&ce or biopolymer. The hydrazino moi^ can 
be an aliphatic, aromatic or heteroaromatic hydxaziney seoiicarbazide» carfoazide» 
hydxazade, thiosemicarbazide» tfaiocaibaade, carbonic add dihydrazine or hydrazine 

10 carfooTtylate (see» Figure 2). The protecting groups are salts oftfaehydraano or oxyamino 
group, or any amino or hydrazino protecting groups known to those of skill in the art 
(see, Greene ct (1999) Protective Groups in Organic Svnttiesis (3rd Ed,l (J. Wiley 
Sons, Inc.)). The caibonyl moiety can be any carbonyl-containing groiq) capable of *^ 
forming a hydrazone linkage with one or more of the above hydrazino moieties. Thus, in j 

IS particularly preferred embodiments include 6-hydramionicotinamide moiety or 4- 

thiosemicarfoazidobeDzamide moiety. Preferred carbonyl moieties include aldehydes and 
ketones. Particularly piefenedenibodimeots for ineversible linkages are hyd 
fonned fimm aromatic ketones or aldehydes arid aromatic hydrazines 
increased stabiUty or oxinies formed fi:om ketones and aminoos^moiedes. 

20 

The design/selection of the polymer to be used in any specific application is dependent 
upon a variety of c^tma. These criteria include tiie properties oftiiesur&ce, the 
conditions of the protocols that the polymer will be oqwsed both before and after 
immobilization and to avoid deleterious interactions with the biomolecule. Therefore it is 

25 anticipated that cationic, anionic or neutral polym»s may be used in tlus invention. 
Polymers may be prepared by modification of pre-synthesized polymers or reactive 
fimction or their protected forms may be incorporated on monomers prior to 
polym^ization. Polymers may be homopolymeis; copolyniers or block co-polymers. 
Polymers made be composed on synthetic or natural polymers or any ccunbination 

30 thereol The qiedfic application will dictate the dedred properties of the polymer. 
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A preferred embodiment of the invention for immobilization on silica/glass surfaces 
includes cationic polymenj derived finom natural or unnatuial polyaminoacids wherein 
one or more monomer possesses a cationic moiety such as amino or guanidinium gioiq>s. 
The monomers of natmal polyaminoacids include lysine, omithme or guanidine or any 

5 combination thereof. Cationic polymocs prepared fit)m non-4iatural sources indiri^ 
cationic groups including primary or secondary amines. A preferred synthetic cationic 
polymers includes but arc not Ihnited to polyethytoieimine. Polymas may be composed 
of a single monomer unit to form a homo-polymer or multiple monomers to fdnm heteio- 
polymeis tertiaiy aniino or quateroaiy ainmoruum groups may also be incl^^ 

1 0 polymer to incorporate a cationic non-nucleophilic function. Preferred cationic polymers 
include poly-l-lysme and polyethyleneimine. 

It is also anticipated for modification of silica surfeces tiiat cationic polymers may be 
modified with reactive functionalities and subsequently coated on the surfece. Correat 

15 methods describe the inunobilization of unmodified cationic polymers such as poly4- 
lysine on glass slides for die electrostatic immobilization of polynucleotides. In a 
preferred «nbodimOTt of this invention amin&KX>ntaining cationic polymers such as poly- 
Hysine is modified with tiie first component of a bioconjugate couple and subsequenfly 
inunobilized on the glass sur&ce. In a most preferred embodiment poly-UysinB is 

20 modified to possess hydniarie,aminoo)gr or caibonylgrotqis. The immobiliTBd 

functionalized polymer is tiiea reacted directiy witii a biomolecule posses^ng the second 
component of the bioconjugate couple for examplo caiboayl-containing biomolecule far 
covalent attachm«it to a hydrazine or anunooxy modified poly-Hyane or a hydrazine or 
aminooxy modified biomolecule for covalent attachment to a caibonyl-modified poly4- 

25 lyanc. The most preferred hydrazine^ aminooxy and caibonyl moieties are dmilar to 
those described below. 

In anoth^ embodiment glass immobilized tvitii fimctionalized cationic pol3rmers can 
themselves react covalenfly as wdl as eletrostatically to anionic polymers possesang 
30 both the first component of a bioconjugate covple and covalenHy linked to biomolecules. 
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Polymers may be modified to possess any one component of a bioconjugate couple. 
Bioconjugate couples include, but are not limited to maleimidoydbioly a- 
bromoacetamido/thiol, succinimidyl ester/amiao^ avidin/biotiiiy hydra2ine/carbonyl and 
pyridyldisulfide/thioL In a preferred embodiment the polymers are modified to possess a 

S protected or unprotected hydia^o, a protected or unprotected oxyamino, or a carbonyl 
grt>up~~for fonnatidn of a hydrazorie or oxime liiil^ with an appropriately modified 
surface or biopolymer. The hydrazino moiety can be an aliphatic, aromatic or 
hetat>aromatic hydrate, semicaibazideiy caibazide^ hydrazide, thiosemicarba&ide^ 
tfaiocaiazide, carbonic add dihydrazine or hydrazine caiboxylate (see, FIGURE 1). The 

10 protecting groups are salts oftfae hydrazino or oxyaminogn>iq>, or any am^ 

hydrazino protecting groups known to Aose of skill in flie ait (see» e,p., Greene ^ al. 
(1999^ Protective Groups in Organic Svnflieas Ord Ed.^ (J, Wilev Sons,Inc.)X The 
caibonyl moiety can be any caibonyl containing group capable of forming a hydrazone 
linkage with one ormoie of the above hydrazino moieties. Preferred carbonyl moieties 

IS include aldehydes and ketones. 

It is an object of the invention that biomolecules conjugated to polymers include 
synthetic peptides, proteins, synthetic oligonucleotides, polynucleotides derived fix)m 
natural sources or syntfiesized via enzyme-mediated reactions induding polymerases and 
20 reverse transcriptases. Biomolecdes also include caibohydFates arid glycoprotdiis. 

It is an object of this invention to use unmodified suifiures to irrunobilizae the 
polymer/biomolecule conjugate via dectrostatic and/or hydrophobic interaction. In a 
preferred embodiment ^vith umnodified glass a cationic polymei/biomolecule conjugate 
25 is inunobilized via electrostatic interaction between the cationic polymer and the 
urunodified glass. 
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It is a further embodiment of the invention to employ sur&ces with reactive moieties to 
form a covalent linkage with the second reactive component incorporated on the polymer 
of the polymei/biomolecule cotq)le. The component incorporated on the polymer is 
chosen from one component of a bioconjugate couple. Bioconjugate couples indrde, but 
5 . are not limited to maleimidoAhiol, a-bromoacetamido/thiol, succinimidyl ester/amino, 
avidin/biotin, hydrazine/caibonyl and pyndyldisulfideythioL In a prefored embodiment 
the polymm are modified to possess a protected or unprotected hydrazino» a piotected or 
improtected oxyamino, or a carbonyl group for formation of a hydiazone or oxime 
linkage wdth an ^appropriately modified suifece or biopolymer. The hydrazino moie^ can 

10 be an aliphatic, aromatic or heteroaiomatic hydrazine^ semicarbazide, carbazide^ 
hydrazide, thiosemicaibazide, thiocarazidey carbonic acid dihydrazine or hydrazine 
carboxylate (see, FIGURE 1). The protecting groups are salts of the hydrazino or 
oxyamino group, or any amino or hydrazino protecting groups known to those of skill in 
the art (see, c^ Greme ^ d. (1 999) Protective Groups m Organic Synthesis Qrd Ed,^ (J. 

IS — Wiley Sons, Inc.)). The caibonyl moiety can be any caibonyl-containing group capable 
offoiming a hydrazone linkage ^tfa one or more ofthe above hydrazino moieties. Thos^ 
in particularly preferred embodimrats include 6-hydrazinoiuootinamide moiety or 4- 
tfaiosemicarbazidobenzamide moiety. Preferred caxboiiyl moieties include alddiydes and 
ketones. A particularly preferred embodiment is aromatic ketones and aldehydes. 

20 

A. Oligo/polymer/suiface Systems 

It is an additional object of the presrat invention to provide ternary oligo^lymei/surfice 
embodiments for genonuc screening 1^ hybridization. The use ofsuch ternary systems 

25 provides more cost effective^ rq>roduciblemicroan:aystiuin that cunen^ jji^ 
use oftheseq^msaUows the immobiUzation of S-15(hnCT oligonucleotides. This 
invention v\dll allowdirect culture of solid phase synthedzed fiill lengdi oligonucleotides 
firom a cnide cleaved oligonucleotide mixture as only die tenninally fiihctional&ged 
oligonucleotide will fonn a covalent linkage with the polymer and the unmodified capped 

30 feilure sequoices will be washed away. Also the covalrat linkage will be performed in 
solution unlike spotting tedmiques wherein a modified oligonucleotide is contacted with 
a modified sur&ce and allowed to react in a solid/liquid two-phase syst^n. This latter 
method is sub-optimal as very small volumes, pLs to tjLs of oligonucleotide, are used 
v^ch diy quickly ineffident immobilization. The method of this invention is preferable 
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over synthesis of oligonucleotide on the chip as failure sequences will not be 
immobilized and longer sequences >2Smeis can be efBdently immobilized. Tbe longer 
oligonucleoddes are preferred for genetic e7q>iession analysis as differences in die 
melting temperature, Tm, between sequences is less vaxiable leading to better results. 

5 

The most direct, simple and efficient preparation of an oligonucleotide/polymer 
conjugate would have the following properties: (1) direct incorporation of the jSist 
component of the biooonjugate couple directly on the oligonucleotide during solid phase 
synthesis without the requiremmt for any post-synthetic activation^ (2) indefinite stability 

10 of both components of the bioconjugate couple following incorporation on dtiier tihe 

oligonucleotide or the polymer, (3) good kinetics of covalent bond fom[iation between the 
modified oligonucleotide and the modified polymer without the need for a reagent- 
mediated reaction or competing reactions on the bioconjugate coiqple moieties, (4) sinq;>le 
incorporation of the first component of the bioconjugate cotqple on the sur&ce of choice, 

1 S (S) fast kinetic of immobilization of the oligonucleotide/polyma- conjugate on tiie 

modified sui&ce, (6) long term stability of the oligonucleotide/polym^ conjugate on the 
surfece. 
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It is a specific object of the inveiition that the first rcactive componra^ 
bioconjugate couple is incoiporated on the 3\ 5* or an internal position of die 
oligonucleotide to be conjugated to the polymer. It isamost prefened^bodimeatthat 
the first reactive component is incorporated on either the 3* or 5' end of die 
5 oligonucleotide. In aprefened embodiment the polymer is modified to possess a 

protected or unprotected hydrazino, a protected or improteded oxyamino, or a caibonyl 
gfoup for fonnation of a hydrazone or oxime linkage with an appropriately modified 
sur&ce and/or biopolymer. The hydrazino moiety can bean aliphadc» aromatic or 
heteroaromatic hydiazdne, semicaibazide^ carbaade, hydrazide^ tfaiosemicaibazide^ 

10 tluocarazide, carbonic acid dihydrazine or hydraane caiboa^late (see, FIGURE 3). The 
protecting groiq)s are salts of the hydrazino or o)cyamino groiq>9 or any amino or 
hydrazine protecting groiq)s known to those of skill in the art (see, e^ Greene c| aL 
(1999^ Protective Groups in Organic Synthesis Gid Ed.) fl \WIey Sons, Inc.)). The . 
carbonyl moiety can be any caibonyl-contaning gfovp cqiable of forming a hydrazone 

15 linkage wiifli one cm: more of ffieabove hyffimno moires. Thiiss^ m^p^' f^ilftri y 
preferred embodiment indudes 6^ydrazin<adcotinamide moiety or 4- 
thiosonicarbazidobeozamide moiety. Anoflierpiefened embodiment indudes tibe use of 
caibonyl moieties, le. aldehydes and ketones. A particuhuly piefened embodiment is 
aromatic ketones and alddiydes. 

20 

Surfaces modiiSed to possess the first reacting group of a biocoiijug9te coiple aie 
provided. In one embodhnent glass sur&ces can be modijBed to possess the first 
component of Ae bioconjugate couple by a treatment wifli a silane possessing fte fiurst 
component or a reactive componrat of sunilar reactivity. The first component can also 

25 be incorporated on a cationic polymer including but not Umited to poly-l-lysine or 
poly ethyleneimine and Ae modified polymer inomobilized on the glass sm&ce via 
dectcostatic inteiactioiis. SiIicarbasedsuifiM»svudi as glass, dUcabesuls or fiber optic 
cables modified to possess aldehyde or hydraane/aminoxy functionalities aie piefened 
embodiments. Plastic^ polystyrene (latex) smfiu^esnKidifiedt^ 

30 group arofurtiier described. H&ercatboiiyls or hydrazines as the first conqxment of the 
hydraane/carbon]4 bioconjugate couple aie prcfeaoA embodimmts iwfaodn tiie second 
component is incoiporated on tiie polymer. Ofii^ surface sunilarly fimctionalizcd such 
as metals, including gold or sihrer, are further jaefened embodimmts. 
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B. Polynucleotide/polynier/surface: Polynucleotides may be funcdonalized in a 
several ways to possess first reactive component It is mandatory that the iunctional 
group incorporated via modified triphosphates on the polynucleotide be stable to 
S conditioiis used in the polymerase diain reaction or revise transcriptase r€^ First 
' components of-bioconjugfite couples tiiat-are siutable forthis purpose include amino, 
hydraane and carbonyl moieties. These functionalities are preferred eoibodimeots of diis 
invention. 

10 . In one enablement any of the three moieties may be incorporated at ai^ portion of 
base of a nucleoside triphoq>hate sucli that the niodification does not int^^ 
the incorporation of the triphosphate in the en27mic incorporation of the nucleoside in the 
growing polynucleotide and does not interfere with die hydrogen bonding properties of 
the synthesized polynucleotide. A variety of positions on all the natural nucleosides have 

IS been described including the 5-position of cytidine^thymidinue and uridii^ TbeN-4 

position of thymidine and uridine has also been described. Functional moieties have also 
been incorporated on unnatural nudeorides sudi as deaza purines have been desaibed 
and we anticipate that amino, hydrazine or caibonyl groiqps incorporated on tiiese 
moieties would similarly fimction as described berdn to produce desired conjugates 

20 v^en reacted imth polymers possessing tiie second fimcti(ma£ty. 
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In another embodiment one primer of the primer set is immobilized on a polymer and this 
multiple primer/polymer conjugate is combined vdth the second primer during 
polynucleotide synthesis. The PGR or revise transcriptase product is immobilized on an 
unmodified or appropriately modified surface and subsequently heated to melt of the non- 

S conjugated strand. One e3ctremely important criterion is that the bond linking the primer 
to the polymer must be stable to the conditions required for elongation of the primenu 
Preferred embodiments include primers modified to possess a hydraane or carix>nyl 
moiety and the polymer is cationic and modified to possess a caibonyl or hydrazine 
moiety to react wifli its reaction partner respectivdy. Iftbe product is to be immoUUzBd 

10 via covdent and/or elec1n>static interactions on a silica suifiu^e it is a p^ 

embodiment that the polymer be cationic. It may also be advantageous Aattfie polymer 
be neutral and the reactive gn}i:Q>s be neutral as ^ polynucleotide increases in loigfii the 
charge of the conjugate will be increasingly negative and if a cationic polymo* is used 
there is a possibility that the complex will be neutral and it may precipitate'during 

IS elongation. Therefore a second preferred embodimoit would employ a neutral polymer 
modified to incorporate either a hydrazine or carbonyl group that would react vntk a 
primer modified on the S'-end with a caibonyl or hydrazine that would covalently link \ 
the oligonucleotide to the polymer via a I^drazone linkage. The hydrazone linkage is \ 
stable to elevated tenopeiatures at phy^olog^calpH. It is a fiirflier embodiment tiiat Ac l 

20 linkage between tihe polymer and the oligonudeotide could be an amide bond fiinned by 
carbodiimid&-mediated couple between anuneand carboxyl groups either tiie polymer or . 
the oligonucleotide. 
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A third method to immobilize a polynucleotide/polymer on a siuface would be to 
incorporate on the 5*-end of a primer one or more first componeats and use this modified 
primer in a PGR or reverse transcriptase polynucleotide amplification reaction. 
Subsequently the product would be conjugated to a polymer that possesses the second 
5 reactive component that will fonn a covalent linkage to polynucleotide the first 

components JThe polynucleotide/polymer would be immobilized on a sui&ce and heated 
to melt the non-conjugated strand off the sw&ce. It is ortrcmely advantageous to remove 
the non-conjugated strand so it will not compete with the target during the hybridization 
stq>. Currently no methods are able to selectively unmoUlize only one strand. Prefened 

1 0 fimctional groups to be mcorporated on the 5'-cnd on a primer include amines, 
hydrazines, oxyamines or alddiydes* To capture amine modified polynudeofides 
carbodiunide mediated amide formation to an carboxyl-containing polymer is anticipated 
Other electrophilic surfeces such as cpoxy, succinimidyl ester or isothiocyanafces would 
similar react with the ammo groiq), A prefenned embodiment is to incorporate hydrazine 

15 or aminooxy groups on tiie primer and capture Ac reactive polynucleotide on a carfoor^l 
contai nin g polymer. Also incorporation ofa carbonyl groiq) on the prirn^ followed by 
capture on a hydrazme or arninoo)^ containing polymer would foim d^ 
polynucleotide^lymer conjugate. A cationic polymer incorporating ihe second 
component of the reaction is die preferred oibodiment for unmobilization on silica- 

20 based sur&ces. 

One can also envisage the incorporation of multiple first componaits on the S*-rad of the 
primer in dendrimaic or polymeric constnictions. The use of multiple first conqK)nents 
would inoease the likelihood of covalMt attachment to the polymer and die formation of 
25 multiple covalent attachments to die polymer. Cationic dendrim«sthem^lves modified 
to mcorporate multiple primers are a fiirtiiCT embodiment of this invention. Preferred 
fimctionaUties include those describe above for single first component modffi 
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C. Protein/polymer/surface 

The production of *^rotein chips'* for proteomic purposes is also aoticipaled using tfiis 
invention. 

The general process for immobilization of proteins or peptides as anticipated by this 
5 invention includes the following steps: (1) incorporation of a first reactive component on 
the protein or peptide, (2) incorporation of a second reactive component on a polymer 
that forms a covalent linkage \vitfa die first reacdve component on the protein, (3) 
reacting the modified protein with the modified polymer to form a covalently linked 
protein/polymer conjugate, (S) preparation of a modified or unmodified sur£eu% for 
1 0 immobilization of the piotein/peptide conjuale and (5) contacting the peptide/polymer 
conjugate to unmodified or modified surfiM:e. 

Examples of first and second reactive components include but are not limited to 
bioconjugate couples standardly used by one skilled in-the-art including 
maleimido/thiols, a-haloacetamidesAhiol, amines/succinimidyl esters and hydrazine or 
I S aminooxy/carbonyl couples. It is extremely advantageous to use first and second 

components that have extended (>1 month) to indefinite stability following incorporation 
of the protein/peptide or polymer. Thus a preferred embodiment of this invention is die 
use of the hydrazine/caxbonyl or aminooxy/caibonyl coiq>les as incorporation of any of 
these moieties on protein/peptides have indefinite stability in neutral aqueous conditions. 

20 Modification of the jrotein or peptide vdtii caibonyl groi^ can be accomplished witii 
carbonyl heterobifimctional sucdnimidyl esters including sucdmmidyl 4-formylben2oate 
or sucdninucfyi 4-ac^Iben20fllB to incorporate aromatic caifoonyl groi^ 
succiiiinudyllevuliiiatetoirioorporateaUpiiadckBto It is well known to diose 

skilled in the art that glycoptiteins can be oxidized with sodium periodate to cleave 1 ,2- 

25 diol groups on carbohydrates to produce aldehydes. These oxidized glycoproteins are - 
also suitably reactive for tiiis purpose. 

In a preferred embodiment protduis or peptides can be direcdy modified to incorporate 
hydra^dne or hydrazide groiqis usmg tibe previously desoibed tdfimcdonal I^drazane^ 
hydrazide or thiosemicaibaade reagents (as described in Schwartz et ixL^ USS7S3520, 
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US5679772, US5420285 and US5206370) including sucdnimidyl 6- 
hydrazinimnmcotinate hydnx:liloride, succinimidyl 4-hydra2idiumbenzoate 
hydrochloride or succininaidyl 4-thiosemicarbazidium benzoate hydrochloride 
req>ectively. 

5 The level of mpdificadpn of dAex ddehyde or hycbaane can be controlled by 
controlling flie stoichiometcy of addition of the hetoobifuncdonal reagents to the protdn 
during the modification reactioa It is desirable to incorporate sufiBciratgroiqis on the 
protein so that the kinetics of conjugation is appropriate and fliat ovennodifica^on does 
not compromise the biological function of the protein or lead to precipitation or other 

10 unwanted interactions of the proteiiL 

Similar hydrazine or carboryl containing polymers described above for the preparation of 
. _ oligonucleotide/polymer conjugates are used to form conjugates with appiopriatdy 
modified proteins or pqptides. Addition oflfaecaibonyl or l^dtazixie modified proteiii to 
the hydrazine or cazbonyl modified polymer respectively leads to a covalent^ linked 
IS conjugate. 

Sprfaces described for inamobilization of oligonucleotide/jpolymer conjugates can be uised 
for immobilization of the above-described protein/polymer conjugates. In one preferred 
embodiment amino polymos including but not limited to poly-l-ly»ne or ornithine or 
polyethyleneimine are modified to incorporate hydrazine or caibonyl moieties and 

20 subsequ^tly reacted with tiie appropriately mocUfiedproteu^ The protein/polymer 
conjugate is then immobilize on glass surfiices that have been treated with aqueous 
etfaanolic hydroxide soludon followed by water washing and drying* The polycationic 
nature oftfaeprotdn^lymer conjugate forins a stable dectrostaticlirik^ Altematdy 
as described for die immobilization of Ae oligonucleotide/jpolymer conjugate the dlica 

25 . based sur&oe can be modified to include the first component of the bioconj ugate coiq)Ie 
that will lead to both covalrat and electrostatic linking of the polymer to the surfice. 

D. Peptide/polymer/surfaceteniaiy system 
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Immobilization of synthetic peptides to sur&ce via electrostatic interactions is not 
feasible due to varying chaise and hydropbobic/hydrophilic nature of eadb pq>tide. 
Therefore it is an embodiment of this invention that one com]X)nent of a bioconjugate 
couple is incorporated on the peptide either during solid phase synthesis or post- 
5 synthetically. Themodifiedpeptideissubsequentlycovalaitly linked to a polymer 
possessing the second component of ttie bioconjugate couple. The peptide^lymer 
conj ugate is subsequmtly immobilized on a soi&ce that possesses the first coiq>onent of 
the bioconjugate couple that was incoiporated on the peptide. Ihamostprcfened 
^bodiment of this enablement die hydrazine or aminoo}^ and caibonyl biocoigugpte 
10 couple is employed Caibonyl groups are inooiporated on flie Cor Nteniinus of a 
peptide during soUd phase synthesis using reagents sudi as succiiiiniidyl 4« 
formylbenzoate or succinimidyl levulinate. Hydrazine groi^is are incoiporaled using 
appropriately protected forms of succinimid|yl 6-hydrazinomcotinatB. 

15 The modified p^tides are immobilized on the q^propriately modified polymers to 

produce the pq>tide^lymOT conjugate. The conjugate is subsequently immobilized on a 
suifiice containing the first component of die bioconjugate coi^ile. In a most piefexied 
embodiment a cationic polymer is immobilized on a glass surfiioe posses^g 1bt fiist 
component 

20 

Description of the Figures 

25 

Figure 1: General scheme outlining the protocol to prepare a BPS system. 

Figure 2: Generic hydraaine (aininooxy)/caibon^ bioconjugation couple fliat is descdbed 
for the preparation of BPS system 

30 

Figure 3: Structures of tiie hydrazine, aminoExy and caiiM)]!^ moires ibat are suitable for 
use as partners in Ihe hydraane (aminooxy)/caxbonyl bioconjugation couple 

Figure 4: Sch^e used to pTq)are botti HyNio^odified poly4-ly^ne and conjugation to 
35 a 5'-alddiyde-modified oligonucleotide 
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Figurc 5: Matrix experiment (see Example 1) demonstrating the covalent nature of the 
immobUization of a 5'-aldehydc oligo/yHyNic/poly-Mysine (polyK) conjugate 
on a aldehyde modified glass slide following hybridization to its fluorescent 
complment 

5 

Figure 6:: Matrix e3q)eriment (see Example 2) demonstrating the covalent nature of tfie 
immobilization of a 5'-hydiazino oligoZ/sCHO/poly-Hysine (polyK) conjugate 
on a amino modified glass slide following hybridization to its fluorescent 
complement 

10 

Figure 7: Schematic demonstrating the steps in the prq>aration of a 
polynucleotide/polymer/surface system (see Example 7) 



15 
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Examples 

Example 1 (see Figure 4) 

5 Preparation of S'-aldehyde modified oligonucleotides: S'-aldefayde modified 

oligonudbotide S'-OHC-aiyl-TTT TTT TAG CCT AAC TOGA TGC CAT was 
obtained fit>m Solulink, Inc (San Diego, CA)^ Tlie S*-alddiyde was incoipoialed usiqg 
Soluliok's proprietaiy alddiyde phosphoramidite linker (Sdiwaitz» filed August 1, 2000 
(Attorney DocketNo. 37154-751), 

10 

Preparation of HyNic::polyethyeIeneimine: A solution of polyethyleneimine (50% by 
weight;l g; Sigma Chemicals^ St Louis, MO) in DI watcr^B mL) was prqiared and ttie 
pH lowered to 7.4 with concentrated hydrodiloric acid (1 J mL). 1 OX Conjugation 
buffer (1 M phosphate, 1^ MNaCl, pH 7.4; 0.4S mL) was added. A solution of SANH 

IS (27.4 mg) was dissolved in DMF (200 uL). Four 1.0 mL aliquots wm treated with 

SANH/DMF solution (0, 17.5, 35.0 and 52J uL) respectively. On addition tfie reaction 
mixtures became cloudy and were dlowed to stand at room tempenOuie for 2 hou^ Tlie 
reaction mixtures were centrifiiged to remove any predpitate. Four NAP^2S colunms 
(Apbiotech, Piscatawa/, NJ) were pre-equilibiated with 0. 1 M MES, 0.9% NaCl, pH 4.7. 

20 Fractions were analyzed by spotting 0.5 uL on a F490 silica gel TLC plate (Mordc) and 
visualized using a short wavelength fluorescent lamp. UV positive fiactions were 
combined and analyzed for hydra2ine mocfification u^g a colorimetric assay by addition 
of an aliquot (2 uL) to a 0.S mM solution of p-nitrobenzald^yde in MES, pH 4.7 (98 uL) 
and recording A3 90 and quantifying using the molar extinction coeffici^ of the 

25 hydrazone formed (22000). 
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Preparation of HyNic::poly-4-lysine: A solution of poly-M}rsine (10 mg; Sigma 
Chemicals, SL Louis, MO; cat #P-7890) was dissolved in conjugation bufifer, 0.1 M 
phosphate, 0. 1 5 M NaCl, pH 7.4 (1 mL). A solution of succinimidyl 6- 
hydrazinonicotinate acetone hydrazone (SANH; 13 mg) was dissolved in DMSO (13 

5 uL). To two poly-l-lysine aliquots (200 uL) v/ere added the SANH/DMSO solution (2.85 
uL (10 equivalents) and 5.7 uL (20 equivalents)). The reaction mixtures were vortexed 
and incubated at room tempmture for 2 L The modified polymer was isolated by gel 
filtration on a NAP-25 column (Pharamacia) pie^equilibiated with 0.1 M MBS, 0S% 
. NaCl, pH 4.7 buff^. Fractions (1 mL) were collected and analyzed by UV (A260). 

10 Fractions containii^UV active pjoduct were combined to yield die desii^ The 
product was analyzed coloiimetrically for hydrazine content by dissolidng an aliquot (2 
uL) in a 0.5 inM solution of jvnitrobenzaldehyde (98 uL) and jnciibati]^ 
h.followed by taking A390 readings (extinction coefGcient 22000) . The HyNicrpoIy-l- 
lysine polymer Was used diiectiy in the conjugation st^. The amine/hydrazine content 

IS was deterniinediising the TNBSA assay (trimtTobenzenesulfoni^ 
Ina,Rocdcville,lL) 

Preparation of oIigonucleotide^yNic:poIy-l-lysine conjugate: In an initial 
preparation of oligonucleotide^lymer conjugates S'-amino-oligonucIeotide (2.6 uL of a 

20 0.471S ODAiL solution in water) was added to both unmodified poly-l-lydne (10 uL of a 
5 mg/mL solution in PBS buSo) and to HyMicqpoly-l-ly^e (10 liL) solution in PBS 
bufTor) containing 6M urea to a final volume of 200 liL) and fbc nuxtiiie was incubated at 
room temperature for 1 hour. After inciibation an aliqiu>t of eac^ reaction nuxtiirew 
diluted with PBS (95 uL) and thdr spectram scanned (200-440 nm). Ultraviolet scans 

25 (200400 mn) showed that tiie alddiyde oligonucleotide/HyhRcqpoly-l-lysine coiyugate 
displayed an absorption at A360 indicating the formation of a HyNicA>«izaldd>yde 
hydrazone. The otiier combinations did not display any absoiptionotiier than 
oligonucleotide A260. 

30 In a separate e^qperiment both die amino and aldehyde niodifiedoUgoniicleotides were 
reacted with the HyNic:poly4-lysine polymer.. Solutions of botii amino and aldehyde 
oligos (0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 ug/uL) were prq)ared in 0.1 M MES, 0.9% Kad, 
pH 4.7 buff^. A solution of Hylficrpofy-Mydne (1 uL) in 8 uL 0.1 M MES, 0.9% NaO, 
pH 4.7 buflfer (80 uL) was prepared. An aUquot of each oligo concentration (1 i]L)vvas 

35 added to the polymer solution (9 uL) and incubated at room temperature lor 10 min. 
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Immobilization of oUgonucleotide/poIymer conjugate on various glass surTaces 
Aliquots of the oligonucleotidc/HyNicipolymer solutions (0 J uL) were spotted on 
unmodified glass surface, aminopropylsilane modified glass surface (Corning, Comings 
NY) and aldehyde modified glass surfaces (Cel Associates, Supplier TeleCbem 
5 (www.arravitcom. SunnwalcL CA) and allowed to dry, FoUovdng drying the plate was 
Avashed in 2XSSC, 0.01% SDS for 10 min and then allowed to dry. 

Hybridization to immobilized oligonucleotide/polymer/sarface system: Tlie 
hybiidizatioa stq) was performed by preparing a solution of S'-fluorescein labeled 

10 complementary oligonucleotide (sequence: 5'-FAM-CAT GGC ATC AGT TAG GCT- 
3* ; 0.6 OD dissolved in 1 .0 mL 2XSSC, 0.01% SDS and tbe solution was applied to die 
plate containing the immobilized oligo/polymer conjugate for 1 min. The plate was 
subsequently washed (2XSSC, 0.01% SDS) and dried. The plate was visualized initially 
by placing the slide on a long wavelength fluorescent lamp and obtaining a digital 

IS pictureTThe^laleWa^Bb^^ 

MicroAiray Slide reader using fluorescein filteis. Results indicated saturated agnal 
down to 1 0 ngAiL and a signal within limits of detection at 5 ugAiL for the alddiyde 
modified oligonucleotide formulations. The amino modified oligonucleotides had very 
weak signals at all concentrations. Direct spotting of amino or alddiyde modified 

20 oligonucleotides on any surfice gave no dgnaL 

Titration of the S'-OHC-oligo/polyK-HyNic conjogate: To test the minimal oligo (5'- 
TTT TTT TAG CCGT AAC TGA TGC CAT G-3 ') concentration conjugated to poIyK- 
HyNic that wiU gjive a dgnal foUowiiig hybridization to its fluorescently la^ 

25 complementaiy was performed. Deopeasing concentrations (22, 1 1, S^, 23, 1.2, 0.6 and 
0.0 uM) of botii 5'-H2N-oligo and 5'-OHC-oligo were reacted witir polyK/HyNic. 
Aliquots (03 uL) wore spotted on unmodified glass, amino glass (Cel Sci) and alddiyde 
glass (Cel Sci) and allowed to dry. Tbe plates were washed wi4i2XSSC (twice) and the 
hybridization was performed as above. Sur&oes were visusdized uang a GSI Lumonics 

30 5000 MicroAnay reader. 

Results indicate (I) no signal on 0.0 uM spot, (2) dgnals above tiie detection limit of the 
mstrumrat were obtained down to 23 uM, (3) strong signals within tiie limits of tiie 
iiistnmient were oblairied at IJt and 0.6 uM and (4) there were equal ^gnak 
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sur&ces (5) the S'-OHC-K)ligo/poIyK-HyNic conjugate signals were much stfODger than 
the weak S'-H2N-oligo/polyK-HyNic signals and (6) diiect spotting of both the amino 
and aldehyde oligos on any of the surfaces gave no signal. 

S The table below compares the efiBciency of immobilization of the above method and 
current published m^ods. The inmiobilizatioa step in this method is not reagent 
mediated unlike the Telechem method that requires a strong redudng reagent (sodium 
borohydride) for inunobilization. Also this meOiod does not require special controlled 
humidity conditions unlike the Mosaic method that requires a mimmal humidity level to 
10 allow reaction to occur. Unlike the other mettiods this mettiod results in multiple contact 
points, both covalent and electrostatic, to Oe surfece and not a dngle point atiadmieoL 





Spotting solution (vM) 


tiiis method 

-Telediem (www.anayitscon^- — 


0.6-1.3 

— -30 


Mosaic (wwwjnosaicbio.oom) 


20 



IS . Demonstration of the ooi^len^ of the oBgonnleotide/jpolyina' conjta^te to tibe 
aldehyde snrfoce: 

A 4 X 6 matrix e3q)erimeiit was designed oooipariiig the oligODudeoti^ 

20 5 -TTT TTT TAG CCGT AAC 1X3A TGC CAT 

wifli tiie foUoMnng modificadoDs: 

1) 5'-H2N- 

2) S'-OHC- 
25 3) 5*-H2NHN- 

4) 5'-H2NHNCO- 

fonnulated vdlh Ihe feUowing pofynxcs at 2^ uM oligo ooncentiadoii: 

30 1) polyK(poly-l-lysuie(20KMW)) 

2) polyK/9CHO(10?0 

3) polyK/q)CHO(20X) 

4) polyK/HyNic(10X) 

5) polyK/HyNic(203Q 
35 Q no polymer 
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The oligonucleotide/polyxner conjugates were prepared by incubating the appropriate 
concentration of oligonucleotide with the appropriate polymer (^.03 uM poly-U-lysine 
concentration); in 0.1 M MES, 0.9% NaCI, pH 4.7 for 30 min at room temp^ature to 
make a final 4 iiM oligonucleotide solution. 

5 

0.3 uL aliquots of oligonucleotide/^lymer conjugates were spotted on amino and 
aldehyde plates (Cel-Sci^ Houston, TX). After drying die plates were washed ydfb 
hybridization buffer SSQ 0.1% SDS) at room temperature for 15 min by gende 
shaking. After drying 5'-fIuorescein-labelIed complemoatary oligonucleotide (5'-FAM- 
10 CAT GGCATCAGT TAG GCT-30 in (2XSSC, 0.1% SDS) was placed on the surfed 
of the glass. Following a 1 minute incubadon the plates were washed with hybridization 
buffer for 1 min and fluorescence was visualized under loiig wavelength UVhgb^ 
digital picture was takexL 



15 The results (Figure 5) were that only the 5'-OHC-oligo/polyK-HyNic at both 
modification levels on die aldehyde plates demonstrated fluorescence. 
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Example 2 

SFB modification of poly-l-lysine: Two aliquots of poly-Mysine (MW 20,700; Sigma 
Chemicals, St Louis, MO; 200 uL of a 10 mg/mL solution in 100 mMjAosphate, 150 

5 mM NaCl, pH 4.7) were prepated. Succinimidyl 4-fonnylbenzoat/<SFtt 1.75 mg; 7.1 X 
10"^ mmol) was dissolved in DMF (17.5 uL). Aliquots of the SFB^F solution (ZS 
and 5.0 uL) were added to the poly-l-lysine solutions. The reaction mixtures wcie 
incubated at room temperature for 2 hours. The modified polymers were isols^ by gel 
filtration using NAP-10 columns (APBiotecih, Piscataway, NJ) pie-equilibrated witti 0.1 

10 mM MES, 0.9% NaCl, pH 4.7. Fractions containing polymer were identified using Ae 
Bradford Piotdn Assay and combined. The amino content of4)e polymers was 
detennmed by INBSA assay (trinitrobenzenesulfonic add; Pieroe Qiemicals QKodcviUe, 
EL). The aldehyde content was determined using the 24iydzazinopyiidine assay as 
described' in example 1 for the quantification of the aldehyde moiety on tiie 

15 oligonucleotide). The amine concentration was determined using Ae TNBSA assay 
described in Example 1. The modified polymers were used directly. 

Preparation of 5'-hydrazine-modified oligonucleotide: A 25-mer phosphodiesto: 
oligonucleotide modified to incorporate a C6-aminolinker (Glen Research amino-C6 

20 amidite ) was piq>ared (5*-NH2-<CH2)6-Trr TTT TAG CCT AAC TGGA TGC CAT 
G-3'; MW 7791 g/mol, 229.5 OD/umol; TriLink BioTecimolo^es, Inc., San Di^o, CA). 
The oligonucleotide was dissolved in conjugation buffer (100 mM phosphate, 150 mM 
sodium chloride, pH 7.4) to a concentration of 0.92 ODAiL. To a solution of 
oligonucleotide (64 uL; 2 mg) was added DMF (32 uL). A solution of succinimidyl 4- 

25 hydrazinonicotinate acetone hydrazone (SANH; (3.8 mg) in DMF (100 uL) was prq)ared. 
An aliquot of the SANH/DMF solution (18.8 uL; 10 eqiidvalents) was added to the 
oligonucleotide solution and the reaction allowed to incubate at room temperature 
ovemighL The reaction was morutored by CI 8 RP-HPLC (solution A: 50 mM 
triethylammonium acetate, solution B: acetonitnle- gradient 0-50% A over 30 min; 50- 

30 80% ovor 10 min; 80-0% over 5 min). The hydrazine-nio£fied oUgonudedde was 
depiotected and purified uang a Millipoie SK MWCO ultrafiee diafiltration device by 
diluting ttie reaction mixture witii 100 mM acetate» pH 4.7 and concratrating in ib& 
diafiltration device. The retentate was fiirther washed willi bofifer (Z X 400 uL). The 
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oligonucleotides was quantified by A260 assay and the hydrazine incoiporation was 
determined using the p-nitrobeozaldehyde assay described in Example 1 and determined 
to be >95% hydrazine-inodified. 

5 Conjugation of hydranne-niodified oligonucleotide to aldehyde-modified poly4-* 
lysine: An aliquot of aldehyde-modified poIy-Hysine (-0.03 uM modified poly-4;-lysine 
concentration; 1 uL) was diluted with 0. 1 M MES, 0.9% NaCl, pH 4.7 (8 uL) and an 1 uL 
aliquot of the prediluted oligonucleotide solutions was added and the reaction allowed to 
incubate at room temperature for 1 h. The solution was ditecdy spotted on the glass. 

10 

Hybridization to immobilized oligonucleotide/polymei/sui6oe system was peifonned in 
an identical manner as desaibed in Example L Bodiamino-glass and alddyde glass 
were exanuned in a similar4X 6 matrix as described in Example 1. The results (Figure 
6) demonstrated only tbe S'-H2NHN-oUgo/po]yK- 9CHO at both modification levds on 
IS the amino plates demonstrated fluoresoenoe and 

Examples 

Preparation of amino, aldehyde or hydrazine polynucleotides with appropriate 
20 triphosphates: Two jirimas and template DNA in reaction buffer containing a 70/30 
mixtute of dCTP and dCTP modified to incorporatB a aronialic alddiyde gjtoiq) on tbc Si- 
position is added to dGTP^ dTTP and dATP in eqiumolar amounts with heat stable DNA 
polymerase. A VCR reaction is p^ormed cycling of denaturation, annealing and 
extension steps. PGR products are purified udng spincolumn [QIAGEIN] to ranove small 
25 molecule impurities. 

Conjugation of PGR product to polymer The PGR product incorporating the 
aldehyde moiety is added to a solution of poly44ysine^yNic polymer and incubated at 
room temperature for 4 h. The solution is used Erectly for immobilization. 

50 

Immobilization of polynudeotide^olymer to snrlace: Aliquots of the 
polynucleotide/polymer conjugate are spotted on alddiyd&-modified glass smfiioes and 
aUowed to dry. The slide is washed witii 2X sec (tiuee times). 
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HybridizatioD: The polynucleodde/polymer immobilized slide is used in a hybridization 
experiment ynHh a fluoiescenlly labeled cDNA sample. 

Eumple 4 

5 

PCR of primer/polymer conjugate: The S'-modified aldehyde primei/HyNi&i>olyK 
conjugate is prepared as in example 1 is combined x^fli second primer and template DNA 
in reaction buffer containing dNTPs and heat stable DNA polymerase. A PCR^xeaction is 
performed by cycling of denaturation, annealing and extension stq)s. PCR products are 
10 purified using spincolumn [QIAGEN] to rmove small molecule impurities. 

Immobilization and hybridization of PCR/RT product: The polynucleotide/polymer 
conjugate is exchanged into 0. 1 M NfES, 0.9% NaCl, pH 4.7 and is qx>tted on aldehyde 
modified glass. The qx>t is allowed to dry and crashed iwith2XSSC The second nonr 
IS c6njugati^~stiai]dis~rmoved~by'bearo^ Theplateisfayfaridizedto 
fluorcscenHy labeled target and visuaUzed in a MicioAnay fluoresceni instnmuoL 



Examples 

20 

PCR of 5'-aIdehyde-modified primen A S'-modified aldehyde primer and tiie second 
non-modified primer are combined with template DNA in reaction hufki containing 
dNTPs and heat stable DNA polymerase. A PGR reaction is performed by c^cling of 
denaturarion, annealing and ^ctension stqis. PGR. products are purified using spincolumn 
2S [QIAGEN] to remove small molecule impurities. 

Conjugation of terminally labeled PGR product to H^Rc/poly-I-lyaaic: The purified 
PGR product is added to a sohidon of HyNic^lyJ-lysine m 0. 1 M MES, OSV^ NaCI» pH 
4J. The reaction is aUov^ to proceed at room teniperatURi for 1-3 hours m 
30 solution used direcdy. The slide is processed as described in Example 4 to melt off die 
second strand and subsequendy hybridize to the immobilized strand. 



35 



Examples 
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Preparation of aldehyde modified proteins: Anti-DNP polyclonal antibody (5 mg/mL 
in conjugation buflfer (see Example 1)) is treated vnih a solution of succinimidyl 4-fonnyI 
benzoate in DMF (15 equiv). The reactioii mbduie is allowed to stand at room 
temperature for 3 h and the protein is isolated using a NAP 10 column pre-equilibrated 
5 with 0,1 M MES, 0.9% NaCl, pH 4.7). The protein contaming fiactions are combined 
and the protein concentration is detennined using the BCA assay (Pieice Chemical^ 
Rockville, IL) and the aldehyde concentration detennined using tfie 2-hydnizinopyridine 
assay described in Example 2. 

10 Conjugation of aldehyde modified proteins to hydrazine modified poly-l-lysine: An 
aliquot of the aldehyde-modified protem above is added to a solution of poly-4- 
lysine/HyNic and incubated at room temperature for 2 h. The solutions is used directly 
for spotting on the aldehyde sur&ce. 

15 ~lmm6biIization'and~antigencapt^ 

conjugate is prepared and aliquots (1 nL) of the protein/polymer conjugate is spotted on 
aldehyde modified suifices and allowed to dry. The smftce is washed wiA conjugatiQa 
buffer and diallenged vnih Ifae fluorescently modified antigen. 

20 Example? 

Preparation of hydrazine modified proteins: In a similar manner to that desciibed in 
Example 6 the protem is modified wiA sucdmmi<fyl fr-hydiaziniumnicotinate 
hydrochloride (Schwartz et al^ Bioconjugate Chem 2, 333 (1991) to incorporate 
25 hydrazine groups on the protdn. The hydrazine modified protein is subsequentiy 

conjugated to aldehyde modified poly-Hysine (see Example 2). The protein/polymer 
conjugate is inmiobilized on an ammo or hydraane or oxyaminosur&tce. The 
immobilized protein is similarly diaUenged with fluorescenfl^ 
described in Example 6. 
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We daim: 



1 . A method for immobilizing natural or synthetic biomolecules to sur&ces 
comprising: 

5 a. covalently linking the natural or synthetic biomolecule to a mono- or 

functional polymer and 
b. covalently and/or electrostatically immobilizing the biomolecule/polymer 
conjugate to a unmodified or modified sur&ce. 

2. A method of claim 1 wherein the biomolecale is an oligonucleotide^ a 
10 polynucleotide»aprotein,aglycoprotdn,ai)qptideoracarbohydTat& 

3. Amethodofdaim2i^minanoUgo-orpoly-^nudeotideispiepa3ndto^ > 
incorporate a reactive functionality and the modified oligo- or poly-nudeotide is 
coval ently linked to a mono- or bi-fimcdonal polymer Aat possesses a reactive 
fimctionality Aat is d)le to fonn a covalent bond with tibie reactive to 

15 on the oligonucleotide. 

4. A metfiodofclaim 3 i^Aieidn the ofigonucleotide is modified torn 
single or a plurality of nudeophilic gioiqps either 3*, or internally. 

5. Amettiodofcla]m4^ierBinthenudeopl]ileisanaliphaticoraron^ 
tibiol^ hydrazine, tlnosemicaibazide, l^drazide, tibiocai^^ 

20 aminooxy groi^i. 

6. Ameftodofclaim4^Kdier»nthenudeoidiileisaderivati 
hydrazinopyridhie aminoxyaoetic add. 

. 7. A method of claim 3 ^erdn the oligonucleotide is modified to incorporate a 
single or a plurality of dectroj^iific gn)iq)5 dflier 3\ S' or interiiaUy. 
25 8. A method of claim 7 i^erein the electrophilic moiety is an aliphatic or aromatic 
aldehyde^ ketone^ epoxide^ isocyanate, isothioc^anate^ sucdninoidyl ester or 
cyanuric chlmidcL 

9. A meftod of claim 8 wherein ibc dectrophSlic moiety is a linkable aromatic 
aldehyde or ketone. 

30 1 0. A method of claim 3 ivfaerdn the sut&ce is modified to possess either neutral, 
cationic or anionic groiqps or a combinaticm neutral, anionic and/or ^^onic 
moieties. 
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1 1. A method of claim 10 >^erem the polymer is cationic and chosen £n>m 
polyethyleneimine, poly-Mysine or poly-l-oxnithine and the cationic polymer is 
modified to include a leactive nucleophilic functional group chosen from 
hydrazine derivatives including both aliphatic and aromatic hydrazines^ caibzides, 
semicarbazideSy semicaibazideSy tfiiosemicarbazides or aminocncy groups. 

12. A method of claim 10 ivberein the polymer is cationic and chosen fiom 
polyethyleneimin^ poly-l-Iy^ or poly-l-omithine and the cationic polymer is 
modified to include a reactive electiophilic functional group chosen fiom 
aldehyde or ketone. 

13. A mediod of claim 13 nvfaerein the surfiice is made cationic by modification with 
an amino- or polyamino-silane or a cationic polymer ]«eferentially diosm fi:om 
polyelhyl»eimine»poly4-lysmeorpoly-l-oinit^^ 

14. Amethodofdaim 14 ^eram the smfiice is modified to incoiporate directly m 
electrophilic or nudeophilic functionafity. 

15. A method of claim 14 herein the electrophilic reactive functionality is chosen 
fiom aliphatic or aromatic aldehyde, ketone^ epoxide, isocyanate, isothiocyanate^ 
sucdnimidyl ester or cyanuric ddoride. 

16. A method of claim 14 herein ibc nucleophilic reactive functionality is chosen 
fiom hydrazine derivatives including both aliphatic and aromatic hydrazioeSy 
carbades, semicarbaades^ semicaibazideSy fhiosemicarbazides or oxyamino 
moieties. 

1 7. A method of claim 3 ^4ierdn fiie polynudeotide is modified to incorporate a 
nucleophilic or electrophilic gcoqi. 

18. A method of claim 17 Tvheran die electrophilic or nudeophilic moiety or phnality 
of moieties is mcoiporated atthe5*4enninus of aprimerinccnpofc^ted in a 
polymerase diain leacticHi or reverse transcriptase elongation reactions. 

19. A mediod of claim 18 ^ndierein the reactive moiely is incorporated on a modified 
triphosphate used in apolymerase drain reaction or a transcriptase dongation 
reaction. 
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20. A method of claim 3 wherein the polynucleotide fonned in ^ 18or 19 
i$ covalently linked to a polymer modified to incorporate a oomplemenlaiy 
reaction function. 

21. A method of claim 20 viierein the polynucleotide^lymer conjugate is 

5 immobilized on a surGu^ that has been modified to bcoiporate a leacdve giouq> 

similar to tfie reactive functionality incorporated in the polynucleotide. 
22- A method of claim 20 wherein the polynucleotide^lymer conjugate is 

immobilized on a sm&ce that has been modified to incorporate an electrophilic 
moiety if the functionality on the triphosphate is an electrophQe. 
10 23. A method of claim 20 herein 4e polynucleotide/polymer conjugate is 

immobilized on a suifece that has been modified to incorporate an electrophilic 
moiety if Ifae functionality on the triphosphate is an ele(^phile. 

24. A meOiod of claim 20 \^erein the polynucleotide^lym^ conjugate is 
immobilized on a surface that has bcm modified to incorporate a miclen phiKe 

1 5 moiety if the functionality on flie triphosphate is a nucleophile, 

25. A method of claim 3 whorein a conjugate formed between a plurality of 
oligonucleotide primers that are modified on its 5'-cnd with a nucleophilio moiety 
and a polymer modified witti an complementary reactive electrophile is amplified 
using a DNA polymerase or revense transcriptase and Ac product of the cosmic 

20 reaction is immobilized on a surface tiiat can form a covalent/dectrophilic bcmd 

with a suitable reactive group cm the surface. 

26. A mediod of daim 2S vAsman the electrophilic moieties are aliphatic or aromatic 
ketones or aldehyde and 4ie nucfeophilic moieties are aliphatic and aromatic 
hydrazines, carbzides, sonicarbaades; semicarbazides, faiosemicaibazides or 

25 09^ammo moi Acs. 

27. A mefaod of daim 2 vAei^ the protein is modified to incorp^ 
aromatic hydrazines, carbsddes; semicarbaades, semicarbazides, 
tiuosemicaibazides or oxyamiru) rndeties. 

28. A method of dabn 2 whecdn the protein is modified to incorporate aliphatic or 
30 aromatic aldehydes or ketones. 
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29. A method of claim 2 wherein a glycoprotein is oxidized with, for example sodium 
periodate, to fonn aldehyde moiedes . 

30. A mediod of claim 2 i^erein the protein mcxnporated with the first component of 
a reaction couple is reacted vriQi a polymer posses^ng die second component of a 
reaction couple to produce a protein^lymer conjugate. 

31 . A method of daim 30 wherem the protein/polymer conjugate is immobilized on a 
surfiu^ possessing the first component of a reaction couple or a different reactive 
moiety that reacts vnAi the second componeot of the reaction couple. 

32. A method of claim 3 \^4ierein a peptide is modified or synthetic prepared to . 
possess the first componoit of a reaction couple. 

33. A method of claim 2 \^erein the peptide is modified to incorporate aliphatic and 
aromatic l^cEimiieSy carESdes^ semicarbasddeSy semicaibazides» 
ttuosemicarbazides or oxyamino moieties. ■ 

34. A method of daim 2 \^4ierein the peptide is modified to incqiporate aliphatie or 
aromatic aldehydes or ketones. 

35. A method of daim 2 herein the peptide incorporated with the first component of 
a reaction coiq>le is reacted with a polymer possessing the second component of a 
reaction couple to produce a protean^Iyiner conjugate. 

36. A metiKxl of claim 35 indierdn tiie peptide/polymer conjugate is immohilized on a 
sur&ce posses^ng tiie first component of a reaction couple or a dififerrat reactive 
moiety that reacts xvitti the second componrat of the reaction coiq[>le. 
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Figure 1 



1) yWyV — VyVW 



when: R* is the aainc «»r 
ditltfreot than R 



2) biomolccule ^ B-biomolecule 



B B 

^ X »-dl»»olecttle — I I 

3) P . A ^ . A 



* A « « A 

BP 

hittnioleciile/pohrDier conjORste 



4) y ^ \ i i' ' j ' yi i y 

S 

VyVyV- 

5) BP + s V T ' ^ I ^ V' ' ' 



BPS . 

bi»polym«rf|>olyneWsnr&ce trraaiyfvitem 



SUBSTITUTE SHEET (RUUE 26) 



wo 02/057422 



PCT/US02/01161 




SUBSTITUTE SHEET (RULE 26) 



wo 02/057422 



PCT/US02/01161 



3/7 

Figures 
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A. H2N-oligo 

B. OHC0-oiigo 

C. H2NHN-oligo 

D. H2NHNCO-olic 



sn 

Figures 




1) polyK(20KMW) 

2) polyK/<t>CHO (10X) 

3) polyK/<t>CHO (20X) 

4) polyK/HyNic (10X) 

5) polyK/HyNic (20X) 

6) no polymer 



ngure X: Matnx expenment (see Example 2) demonstrating the covalent nature of the 
.mmob.l,zation of a S Miydrazino oKgo//sCHO/poly-l-lysine (polyK) conju^eTa 
ammo modified glass sl.de foUowing Hybridization to its fluo^sirt comp^eT 
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A. H2N-oligo 

B. OHC-oligo o 

C. H2NHN-oIIgo 

D. H2NHNCO-oligo ^ 
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1) polyK (20K MW) 

2) polyK/sCHO (10X) 

3) polyKysCHO (20X) 

4) polyK/HyNic (10X) 

5) polyK/HyNic (20X) 

6) no polymer 
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